A porcine model of heart failure was induced by myocardial infarction followed by rapid ventricular pacing for 4 weeks. 
SUMMARY
Renal denervation (RD) is a potential novel nonpharmacological therapy for heart failure (HF). We performed bilateral catheter-based RD in 10 adult pigs and compared them with 10 control subjects after induction of HF to investigate the long-term beneficial effects of RD (3, 4) . Both renal afferent and efferent sympathetic nerves have been proposed to contribute to the sympathoexcitation in HF (5, 6) . In HF, increased central sympathetic neural outflow is associated with cardiac and renal efferent sympathetic nerve activations, and thus, cardiac and renal norepinephrine spillover (7) (8) (9) . However, activation of renal afferent sympathetic nerves caused by renal hypoxemia and ischemia may also directly induce increased central sympathetic outflow (9, 10) . Recent development of catheter-based renal nerve ablation for treatment of refractory hypertension has led to a growing interest in renal denervation (RD) for treatment of HF (6, (11) (12) (13) (14) (15) (16) .
Prior studies showed that surgical RD improves LV function and prevents HF in rats after myocardial infarction (MI) (17) (18) (19) . In large animal models of rapid pacing-induced HF, catheter-based RD also reduced systemic neurohormonal activation and renal norepinephrine content, and improved LV function and dyssynchrony (20) (21) (22) . Nevertheless, the long-term beneficial effects of RD on cardiac function after conventional pharmacological therapy for HF have not been addressed in these studies. Here, we hypothesized that RD reduces the myocardial and renal norepinephrine discharge and improves LV function in HF. Accordingly, we investigated the long-term effect of bilateral catheter-based RD, using a multipolar electrode catheter, on LV contractile function and regional norepinephrine release in a porcine model of mixed cardiomyopathy treated with angiotensin-converting enzyme (ACE) inhibitor and beta-blocker.
METHODS
STUDY PROTOCOL. Female farm pigs weighing 35 to 45 kg (age 9 to 12 months) were used for this study.
An animal model of HF induced by myocardial ischemia and rapid pacing (MI þ HF) was created as described previously (23, 24) . In brief, all animals underwent baseline assessment of LV function using echocardiographic and invasive hemodynamic assessments. Acute MI was induced in all animals by coronary artery embolization to the left circumflex artery, followed by 4 weeks of rapid right ventricular pacing (150 beats/min) using a VVI pacemaker to induce HF. After ventricular pacing had ceased Figure 1A) . In both the control and RD group, catheterization was These animals were randomized to the control group (n ¼ 10) and the RD group (n ¼ 10). Histological examination demonstrated that there were no significant differences in the LV infarct size between the 2 groups ( Figure 1D ).
ELECTROCARDIOGRAPHIC DATA. There were no significant differences in the resting heart rate ( Figure 2A ) and corrected QT interval ( Figure 2B ) at baseline, after MI, and during MI þ HF among the control and the RD groups (all p > 0.05). However, the resting heart rate was significantly lower and the corrected QT interval was shorter in the RD group at 10 weeks compared with the control group (Figures 2A and 2B ) (p < 0.05).
HEMODYNAMIC DATA. There were no significant differences in the systolic and diastolic blood pressure ( Figure 2C 2G , and 2H) (all p < 0.05). Moreover, dP/dt max /IP and stroke volume index were also significantly higher at 10 weeks in the RD group compared with the control group ( Figures 2G and 2H ) (all p < 0.05).
ECHOCARDIOGRAPHIC DATA. After pacing was turned off for 24 h, echocardiogram showed that 
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shown in Figure 3A , maximum minor axis of the LV at end-diastole and -systole during MI þ HF was significantly increased compared with baseline in both groups. At 10 weeks, the LVDs were smaller in the RD group compared with the control group (p < 0.05).
There were no significant differences in LVEF at baseline, after MI, and during MI þ HF between the control and the RD groups ( Figure 3B There were no significant changes in serum angiotensin II ( Figure 3F ) and creatinine ( Figure 3G) levels at baseline, after MI, during MI þ HF, and at 10 weeks in both groups (all p > 0.05). Moreover, there
were also no significant differences in serum angiotensin II and creatinine levels at baseline, after MI,
during MI þ HF, and at 10 weeks between the control and the RD groups ( Figures 3F and 3G ) (all p > 0.05).
HISTOLOGY AND IMMUNOHISTOCHEMICAL DATA.
Histological examination demonstrates that catheter- Catheter-based RD has emerged as a nonpharmacological approach for treatment of refractory hypertension via decreasing sympathetic activities (6, (11) (12) (13) (14) . In HF, sympathoexcitation is associated with increased mortality and progression of LV dysfunction (3, 4) . As a result, RD has been proposed as a novel therapy for HF via suppression of sympathetic activities. Prior experimental studies (17) (18) (19) showed that surgical RD can prevent adverse LV China. E-mail: hftse@hkucc.hku.hk.
